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The development of Light Emitting Diode (LED) technology over the past 
thirty years, has led to an exponential increase in device efficiency and 
light output, such that LEDs are now becoming the light source of choice 
for virtually all applications. High brightness LEDs (HB LEDs) are 
driving market growth of around 20% year on year, for applications such 
as LCD TV backlighting and general illumination, where LED lamps are 
replacing standard incandescent and fluorescent lighting. 
 
Sapphire (alpha aluminum oxide) is used as the substrate of choice for 
around 90% of LED chips, with 2” and 4” wafer diameters being the most 
commonly used. Some leading companies are transitioning to 6” wafer 
production next year, with 8” wafer processing on the horizon. It is 
important to produce defect-free sapphire surfaces, in order to efficiently 
grow the III-V semiconductor stack, responsible for generating the desired 
wavelengths of light and this is done by CMP. Silica slurries are mostly 
used as the final polish, but these have very low removal rates, with 
polishing times of up to a few hours. Silica slurries also exhibit instability 
at elevated temperatures generated during long polishing and temperature 
control is critical. 
 
As the industry moves to larger diameter wafers, it will become more 
important to realize increased throughput and therefore, a faster polishing 
slurry would have a big advantage. Ferro has developed alumina-based 
slurries for sapphire polishing, which give faster removal rates and greater 
stability, whilst producing the required surface quality. 
 
 
1. Future Requirements of LED Industry 
 
Light emitting diode (LED) usage is now at record levels in mobile applications (cell phones, 
PDA’s, digital cameras, etc) and for signage and display applications. LEDs are fast being 
adopted into emerging applications, such as backlighting units for computers and TVs, as well as 
automotive lighting. The biggest driver is sapphire for High Brightness (HB) LEDs for the 
general illumination market, as these gradually replace incandescent and fluorescent bulbs due to 
their durability, energy efficiency, enhanced aesthetics and low voltage operation. 
 
The HB-LED revenues for 2010 were around $8.2B, reflecting a 53% growth and by 2014 the 
market is expected to pass $20B. Substantial growth in HB-LED production capacity will be 
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required and regarding this, many IC fabs and foundries (e.g. TSMC, Samsung, UMC, Micron) 
are now entering into LED manufacturing, in order to utilize their redundant 150mm and 200mm 
fabs. These fabs are already experts at high volume, low cost manufacturing, which could have 
some interesting developments in shaping the future LED industry. Larger chips for greater 
power and efficiency are required for HB LEDs, which will mean larger diameter wafer processes 
being required. These processes will demand high throughput, requiring faster process steps at 
each stage of the LED chip manufacturing process. 
 
The drivers to larger diameter wafers are; cost reduction (due to more efficient use of wafer real 
estate and lower production costs per chip, through economy-of-scale); improved LED lamp 
performance (ability to efficiently produce larger size chips to increase lumens output, and thus 
simplify packaging); growth for high power LED applications (commercial, automotive, and 
residential lighting applications and large display backlight units); large diameter LED processes 
and equipment are developing rapidly (for both front-end GaN epi-deposition and back-end wafer 
processing, testing and packaging). 
 
 




 is now an annual publication from the US Department of Energy and is an 
attempt to standardize and integrate the various parts of the LED (and OLED) value chain. The 
main goals are to reduce costs, improve consistency and promote US-based manufacturing. 
 
Part of the roadmap deals with substrates and for both hetero-epitaxial (e.g. sapphire, silicon 
carbide) and homo-epitaxial (e.g. bulk gallium nitride) approaches, improvements in substrate 
quality (surface finish, defect density, flatness, etc) and product consistency are required, in order 
to meet the demands of high volume manufacturing. For GaN substrates, cost must also be 
dramatically reduced in order to become a viable option for LED manufacturing. 
 
Figure 1 below shows the 2010 substrate roadmap. 
Figure 1: SSL Substrate Roadmap 2010: The roadmap includes 
two paths, with hetero-epitaxial substrates toward the top and 
homo-epitaxial substrates toward the bottom 
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Sapphire is currently the substrate of choice in approximately 90% of LED chips and, according 
to the SSL Roadmap, sapphire will continue to be the dominant substrate for high power GaN-
based LEDs, especially for larger diameter wafers. 
 
 
3. Sapphire Substrate Polishing 
 
The sapphire substrate market exceeded $200M in 2010, despite the economic downturn, with c-
plane sapphire for GaN-based LEDs dominating the market. Revenue increased dramatically 
under the combined effect of price and volume increase. For the first time, less than 50% of the 
processed surface area was on 2-inch wafers, as leading companies move to processing larger 
diameter wafers (mainly 4- and 6-inch). 
 
Sapphire is used as a substrate for growing the III-V semiconductor layer and there are stringent 
requirements for producing the flat, defect-free surfaces, following production of the rough cut 
wafers, which lead to efficient performance. Specifications vary from one sapphire manufacturer 
to another, but surface roughness (Ra) requirements are typically <0.2nm. 
 
Most sapphire substrate manufacturers use similar processes which are variations of a three-step 
process; a lapping step to reduce the rough topography produced after wafer slicing; a polish step 
to improve surface roughness (usually with slurry recirculation); a final polish step to eliminate 
defects (with no recirculation). Diamond or silicon carbide is normally used for the lapping step, 
with colloidal silica slurry used for the polish steps. Although the use of silica produces 
acceptable surface roughness on 2” wafers, the polishing time is too long, affecting throughput 
and also both polish and slurry stability. These effects will become more pronounced as the 
industry moves to larger diameter wafers. However, silica slurries tend to be cheap and the long 
polishing times are currently tolerated. 
 
A small number of companies use alumina slurry, which they believe has several advantages over 
silica slurries, the main one being increased removal rate which increases throughput. It is also 




4. Slurries for Sapphire Polishing 
 
Many leading sapphire manufacturers are now planning to evaluate alumina-based slurries for the 
larger diameter wafer sizes. Ferro has developed alumina-based slurries building on earlier work 
from Corning
2, 3
 which showed that alumina slurries performed better than other abrasives, with 
respect to removal rate and surface quality. They found that application of polishing in an 
environment where the abrasive chemically reacts with the surface, can eliminate subsurface 
damage and significantly increase surface quality. It is this chemical-mechanical mechanism, 
rather than solely mechanical polishing from abrasives such as diamond and silica, that leads to 
excellent surface quality. 
 
Using the Ferro slurry TizoxTM 8102, they showed that alpha-alumina slurries led to the best 
performance and surface quality when polishing c-plane sapphire substrates. The reasons for this 
are threefold; 
 
1. Hydration layer formation is increased – during polishing, a hydration layer is 
continuously formed on the base sapphire substrate, which is softer than the base layer 
and it is the formation of this layer that facilitates material removal and leads to high 
surface quality. 
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2. Surface quality is improved – alpha-alumina has the same hardness as base sapphire and 
so it is extremely difficult for the abrasive to scratch the sapphire bulk material. 
3. Removal rate is increased - alpha-alumina abrasive experiences surface hydration similar 
to base sapphire and a chemical-mechanical reaction between both the base sapphire and 
abrasive hydration layers promotes accelerated material removal. When the surfaces of 
the abrasive and base sapphire are brought together during polishing pressure and shear, 
mutual adhesion occurs and further shear allows the particle to ‘tear away’ the bonded 
hydrated layers, promoting further removal by the leading edge of the particle. 
 
Using the above results as a baseline, Ferro has further optimized its sapphire polishing slurries, 
resulting in the SRS-1652 product. Typical particle characteristics of SRS-1652 are shown in 
figure 2. 
 
   Figure 2: SRS-1652 Alumina Particle Characteristics 
 
Removal rates can be optimized by variation of particle size and formulation chemistry and a 
surface roughness (Ra) of <0.2nm can be achieved. Proof-of-concept performance on 200mm 
sapphire wafers has also been demonstrated on an Applied Materials Mirra CMP tool and a 
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In comparative studies vs several different silica slurries, SRS-1652 has been shown to give faster 
removal, equivalent surface quality and also better stability during recirculation. The temperature 
of silica slurries has to be controlled very tightly during use to prevent gelation, whereas alumina 
slurries are more robust. SRS-1652 also showed better cleanability. Figure 4 shows the Prestonian 
behavior of both alumina and silica slurries. 
 





Sapphire substrates, in one form or another, will continue to be the dominant substrate for LED 
chips for many years. Usage is expected to increase as sapphire suppliers transition to growing 6” 
and 8” wafers and also as 150mm and 200mm IC fabs are converted to LED chip manufacturing.  
As the LED industry moves to larger diameter wafers, more efficient, faster processes will be 
required. Customer evaluations have shown that process time can be cut in half by using an 
alumina slurry to replace a silica slurry. It has been demonstrated that not only can an alumina 
slurry can replace the silica slurry, but it can also replace the diamond slurry and some customers 
use only alumina slurry after wafer slicing. 
 
Ferro has developed an alumina-based slurry, SRS-1652, which has been shown to give superior 
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